Seven structural proteins referred to as proteins I to 7 in order of increasing tool. wt. were detected following electrophoresis of disrupted purified virus preparations. Proteins ~ to 4 occurred in largest amounts, whereas protein 5, 6 and 7 occurred in small amounts. The estimated tool. wt. of proteins I to 5 were 27ooo, 52ooo, 58ooo, 78ooo and about 9oooo, respectively. Proteins 2, 3, 4 and 5 are glycoproteins that reacted well with Schiff's reagent whereas protein I reacted only weakly. A Schiff-positive zone migrating in front of bromophenol blue and behaving like glycolipid was obtained by extracting purified virus with chloroform plus methanol, lodination of intact and Nonidet P4o-disrupted virus resulted in differential labelling of proteins I to 4-The results were interpreted as indicating that protein 1 is located inside the virus envelope and that proteins 2, 3, 4 and 5 are on the envelope surface. An infectious component containing only protein I and, presumably, RNA was obtained by disrupting the virus with Nonidet P4o.
INTRODUCTION
Tomato spotted wilt virus (TSWV) is an enveloped virus, the surface of which is covered with a layer of projections. The structure of the material inside the membrane is unclear (Ie, 197o ) . The structural complexity as seen in the electron microscope indicates that this virus may be composed of several distinct proteins.
In a study by Mohamed, Randles & Francki (1973) three major carbohydrate-containing proteins were found in purified virus preparations. One of these proteins was associated with subviral particles isolated by treatment of virus with the non-ionic detergent Nonidet P4o. Several proteins occurring in minor amounts were also found, one of these being associated with the subviral particle. The location of the other major and minor proteins remained unknown.
In the present study purified virus particles, dissociated with sodium dodecyl sulphate (SDS) and mercaptoethanol (ME), were analysed by electrophoresis in polyacrylamide gels to determine the number of structural proteins, their molecular weight and the presence or absence of carbohydrate. The location of the structural proteins was determined by enzymic iodination of intact and dissociated virus particles, and by isolation of an infectious component.
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The iodination reaction mixture contained approx. 40 #g of virus in a final vol. of 2 ml 0"o5 M-sodium phosphate buffer, pH 7.2, 20/zl KI, 25/~1 o.25 mM-H~O~ and 1~5I (see figure legends for details of amounts). The mixture was brought to room temperature in a water bath and the reaction initiated by the addition of 25/~1 lactoperoxidase solution in 0.05 M-sodium phosphate buffer, pH 7.2 (Ee8o = o"I25; E412 -0"075). At 2, 6 and 8 min after initiation of the reaction a 25 #l portion of o'25/zM-H~O2 in buffer was added to the reaction mixture. Four minutes after initiation an additional 25 #1 of lactoperoxidase solution was added. After lO min the reaction was terminated by placing the mixture in ice. Labelled intact virus was collected by centrifugation at 350o0 rev/min for I h in a Spinco SW 39 rotor through a cushion of 5% sucrose in 0"o5 M-sodium phosphate buffer.
Virus preparations previously disrupted with 0"05 % Nonidet P4o (Shell) were also labelled with 125I. After labelling, the disrupted virus was precipitated with 2 vol. of ice-cold ethanol and the precipitates collected by centrifugation in a bench centrifuge.
Sedimented 125I-labelled virus was disrupted with t % SDS and 1% ME. The denatured proteins were analysed on 7.5% polyacrylamide gels at 8 mA/gel for 2"5 h. After completing the electrophoresis the radioactive gels were cut into ~ mm segments using a Mickle gel slicer. Radioactivity was determined using a single channel 7 spectrometer (Philips). Non-radioactive controls were stained with Coomassie brilliant blue.
Isolation of infectious ribonucleoprotein. Purified virus was brought to 0"5% final concentration of Nonidet P4 o for 2 min at room temperature, layered on to a 8 to 43 % glycerol gradient in 1 × SSC (o-I 5 M-NaC1, o.o15 M-sodium citrate, pH 7"2), and centrifuged for I h at 40 ooo rev/min in a SW 63 Ti-rotor of a MSE 65 centrifuge. The gradient was fractionated and the extinction of each fraction measured at 257 nm. The protein contained in the gradient fractions was precipitated with 2 vol. of ice-cold ethanol, collected by centrifugation and denatured using procedure 3 (Table I ). In other experiments TSWV was treated with 20/o Nonidet P4o, layered on to a cushion of 30% sucrose in 0"25 M-NaC1 and 2% Nonidet P4 o, and centrifuged for 2 h at 4ooo0 rev/min in the SW 50 rotor of a Beckman centrifuge. The proteins contained in the supernatant fluid were precipitated with an equal vol. of 25% trichloracetic acid, washed with acetone and dissociated as above. The proteins in the pellet were disrupted directly. All the SDS-dissociated proteins were analysed by polyacrylamide gel electrophoresis. The infectivity of the various fractions was determined by inoculation on detached leaves of Petunia hybrida.
Chloroform-methanol extraction of TSWV. Lipids were extracted by a modified method of Gahmberg & Hakomori (1973) . One volume of virus was mixed with 3 ° vol. of chloroform-methanol (2:1). This mixture was shaken vigorously for 5rain in a separating funnel and stored overnight at 4 °C. One third volume of methanol was added and the precipitate pelleted at 3ooo g. The pellet was again extracted with chloroform-methanol (1:1). The first and second extracts were combined and the volume reduced by rotary evaporation.
Materials. Acrylamide and N,N-methylenebisacrylamide were purchased from KochLight, Coomassie brilliant blue G-25o from Serva and Schiff's reagent (Feulgen stain) from George T. Gurr.
The following proteins were used as mol. wt. markers: cytochrome c (11700, from Calbiochem); ovalbumin (43ooo, from Difco); freshly prepared TMV protein (17400); ribonuclease A (I37OO) from bovine pancreas; trypsin (23'300) twice crystallized from bovine pancreas; carboxypeptidase A (34600) type II twice crystallized from bovine pancreas; catalase (60 ooo) from beef liver; bovine serum albumin (68 ooo) Cohn fraction V; ) and with Schiff's reagent (---). The numbers refer to the R~ values of the different proteins. Gels stained with Schiff's reagent were scanned at 520 nm using a filter; those stained with amido black were scanned without a filter. The position of the bromophenol blue dye is indicated (b).
RESULTS

Polypeptides of TSWV
Purified TSWV was denatured using seven different procedures (Table I ) and analysed by electrophoresis in SDS-containing polyacrylamide gels. After disruption with 1% SDS (Table I , procedure I), nine bands were detected (Fig. IA) . Two bands, proteins I and 4, were very distinct. Proteins 2 and 3 were present in smaller amounts; they were not well resolved in some experiments. Proteins ~ to 4, individually comprising more than 95% of the total protein content, must be considered as the major proteins. Several minor proteins, 3 ~, 3 b, 5, 6 and 7, were detected. Addition of ME to the disruption mixture (procedure 2) resulted in the disappearance of protein component 3 a (Fig. I B) . Heating of the virus at 95 °C for 5 min (procedure 3) or treatment with ME and iodoacetamide (procedure 4) resulted in the disappearance of both protein 3 a and 3 b (Fig. I C) , seven components remaining. The loss of 3 ~ and 3 b following this treatment indicated the presence of disulphide bridges in these proteins. Other modifications of denaturation procedure 4 (Table I , procedures 5 to 7) did not alter this pattern.
From these results it was concluded that TSWV contains four polypeptides in major quantities. This composition was consistently found in each analysis made and also when TSWV was purified from Sonchus oleraceus. Polypeptides 5, 6 and 7 were considered to be minor components of the virus; protein 5 was present in each preparation, the amounts of polypeptides 6 and 7 varied from experiment to experiment. 
Glycoproteins of TS WV
Several procedures for the detection of glycoproteins on polyacrylamide gels were tested (Caldwell & Pigman, I965; Zacharius et al. I969; Felgenhauer, 197o; Segrest & Jackson, I972; Kapitany & Zebrowski, I973; Matthieu & Quarles, I973) . All procedures gave the same staining pattern but the intensity of staining differed depending on the procedure used. The procedure of Zacharius et al. 0969) was the most sensitive and was used in all experiments. The method developed by Kapitany & Zebrowski 0973) appeared a little less sensitive, and gels stained according to the procedure of Caldwell & Pigman 0965) proved difficult to destain. The other procedures stained very weakly and were therefore less satisfactory. Figure 2 shows the pattern obtained after staining the gels for glycoproteins by the procedure of Zacharius et al. (I969) . Proteins 2, 3, 4 and 5 stained very clearly, whereas protein I gave a very faint reaction. It was impossible to demonstrate unequivocally the presence of carbohydrate in proteins 6 and 7 due to the small amounts in which these proteins occurred in the gel.
From the patterns in Fig. 2 it appears that the intensity of staining with Schiff's reagent increased with the molecular weight of the protein components. To exclude the possibility that proteins with a low molecular weight may have diffused out of the gels during the staining procedure, a gel was stained with Coomassie brilliant blue after the Schiff's staining procedure. The intensity of staining of the individual proteins in this gel was compared with those in a gel stained with Coomassie brilliant blue immediately after electrophoresis (Fig. 3) . All protein bands of the double stained gel appeared to be diminished in intensity by approximately the same extent.
Glossmann & Neville (I97I) have asserted that the procedure of Zacharius et al. (I969) and related ones in which the protein-bound SDS is not eliminated, result in artificial (3 and 4) , and from the concentrated chloroform-methanol extract (5). Gels I and 3 were stained with Coomassie brilliant blue. Gels 2, 4 and 5 were stained for carbohydrate according to Zacharius et al. 0969) . The chloroform-methanol extract electrophoresed on gel 5 was Io times more concentrated than the virus samples used on the gels I to 4. The glycolipid zone is indicated (g) in gels 2 and 5. staining of proteins. Removal of SDS from the gels by washing in 40% methanol and 7% acetic acid, however, resulted in a large decrease in the intensity of staining with Schiff's reagent, possibly due to loss of protein. Only proteins 4 and 5 stained weakly following this treatment.
To test the specificity of the procedure of Zacharius et al. (1969) , four proteins (ribonuclease A, trypsin, carboxypeptidase A and bovine serum albumin) and four glycoproteins (fetuin, ovalbumin, peroxidase and bromelain) were stained after denaturation and electrophoresis in polyacrylamide gels. The non-glycosylated proteins gave no reaction whereas the four glycoproteins stained with an intensity approximately in agreement with their carbohydrate content.
Glycolipids of TS W V A diffuse Schiff-positive zone was often observed migrating in front of the bromophenol blue tracker dye. This region of the gel did not stain with Coomassie brilliant blue. Extraction of TSWV with chloroform-methanol prior to electrophoresis resulted in the removal of this zone (Fig. 4) . Analysis of the chloroform-methanol extract on polyacrylamide gels revealed this zone and also two other weakly staining zones. The material forming this fast migrating zone had the following properties: presence of carbohydrate, solubility in chloroform-methanol, and failure to stain with Coomassie brilliant blue. The material in this zone gave a positive reaction with TSWV antiserum when a gel was tested by immunodiffusion in agar against a trough containing the serum. This reaction probably occurs with a carbohydrate component present in the material (Tas et al. 1977) . All these observations suggested the presence of glycolipids in this zone. 
Estimation of the molecular weights of the structural proteins of TSWV
To correct for the anomalous behaviour of glycoproteins, the mol. wt. were estimated according to the procedure of Segrest & Jackson (I972) . Values obtained from 5, 7"5, Io and I2"5% acrylamide gels were plotted against the acrylamide concentration (Fig. 5) As the percentage of acrylamide in the gel increased there was a considerable decrease in the tool. wt. of proteins 4 and 5 and a smaller decrease for the other proteins. The observed decrease in mol. wt. of the proteins was in approximate agreement with the intensity of carbohydrate staining (Table 2 ). An asymptotic minimum mol. wt. was obtained from the curve by extrapolation, this in turn gave an estimate of the real mol. wt. (Fig. 5 and Table 3 ). However, the value for protein 5 must be considered as only tentative. and virus labelled with 25 #Ci t25I after disruption with Nonidet P4o (d). After electrophoresis the 7"5 % gels were cut into slices of I mm thickness and the radioactivity was determined. The controls were virus which had been disrupted with Nonidet P4o and denaturated with SDS and ME (e) and virus directly denatured with SDS and ME (f). These gels were stained with Coomassie brilliant blue. The position of the bromophenol blue tracker dye is indicated (b).
Location of the proteins of TSWV
To localize the proteins in TSWV particles, intact and Nonidet P4o-disrupted virus was iodinated using the enzyme lactoperoxidase (Olshevsky & Becker, I972; Katz & Margalith, I973; Moore, Kelley & Wagner, ~974; Teramoto et al. x974) . The radioactivity profiles obtained with intact virus using different concentrations of lssI (Fig. 6 a, b, c) , (D) as (B) but incubated for I h at 37 °C. After incubation the samples were denatured with SDS and ME and analysed in 7"5 % polyacrylamide gels. Gels were stained with Coomassie brilliant blue.
corresponded well with the pattern obtained by staining (Fig. 6 e, f ) except that protein I was relatively poorly iodinated. When Nonidet P4o-dissociated virus was iodinated, protein I consistently became relatively more labelled (Fig. 6d) . The results indicated that in intact virus particles, proteins 2, 3 and 4 are more readily accessible to enzymic iodination than protein I, suggesting an internal location for protein I. This conclusion was supported by utilizing a proteolytic activity occurring as a contaminant in galactose oxidase preparations used in experiments aimed at labelling the polysaccharides with sodium borohydride. Incubation of intact virus with the enzyme resulted in loss of proteins 2, 3 and 4 while protein I could be recovered (Fig. 7) .
Characterization of the isolated ribonucleoprotein complex
Nonidet P4o-treated TSWV was centrifuged on a 8 to 43% glycerol gradient, the gradient fractionated and the infectivity and the structural proteins present in the various fractions were determined (Fig. 8) . Fractions I and I2 correspond to the top and bottom of the gradient, respectively. Proteins z, 3, 4 and 5 were mainly found in fractions I to 5, whereas protein I occurred mainly in fractions 7 to IO. The most infectious fraction (fraction 8) contained predominantly protein I and only traces of other proteins. Electron microscopic examination of the different fractions failed to reveal any interpretable or relevant structures. From the distribution of infectivity and protein I through the gradient it was concluded that protein I was associated with the infectious entity of TSWV and may form the nucleocapsid of the virus with the RNA.
In another experiment, the virus was treated with 2% Nonidet P4o and centrifuged through a cushion of 30 % sucrose in o-25 M-NaC1 and 2 % Nonidet P4o. The pellet contained only protein I whereas proteins 2, 3, 4 and 5 were recovered from the supernatant. The pellet was highly infectious, although no virus structures were found by electron microscopy. The results of this experiment also demonstrated that protein I was associated with the infectious component of TSWV.
DISCUSSION
The protein profile obtained after electrophoresis of denatured virus in polyacrylamide gels (Fig. I ) corresponded very well with that obtained by Mohamed et al. (1973) . Four major and three minor polypeptides were consistently obtained from purified TSWV. Instead of proteins 2 and 3, however, Mohamed et al. (1973) found one protein present in an amount which was approximately the sum of proteins 2 and 3-A protein, designated 7 by them, was absent from our preparations. The variability in amount of protein 6 and 7 observed by us in different experiments may reflect the fact that these proteins are polymers of the other structural proteins or that they are contaminants.
Protein 4, the most exposed protein as judged from the iodination experiments is probably located on the envelope. This is also suggested by the high carbohydrate content of this protein and its removal upon incubation with the proteolytic activity present in galactose oxidase preparations. From the iodination results the location of proteins 2 and 3 is less certain. They could for example occur on the inside of the envelope or on the outside in a less exposed position than protein 4. However, in view of their carbohydrate content and their susceptibility to proteolytic digestion, an external location on the envelope seems more probable. Proteins 2, 3 and 4 may be associated with the layer of spikes visible in the electron microscope following negative staining of purified virus particles (Van Kammen, Henstra & Ie, 1966; Ie, 197o (Burge & Strauss, 197o, Lenard & Compans, i974; Rifkin & Quigley, 1974) . The weak staining of protein I with Schiff's reagent found in our experiments may be due to non-specific staining (Glossmann & Neville, i971 ) . The possibility that this protein may contain carbohydrate cannot, however, be ruled out and may form an exception to the rule that proteins inside a virus envelope are nonglycosylated. The difference in the staining of protein I observed here and reported by Mohamed et al. (1973) may be attributable to the use of a different isolate of TSWV, the use of Datura stramonium instead of Nicotiana rustica as host, or other growth conditions.
Protein I seems to be the only major protein located inside the envelope. In this respect TSWV resembles togaviruses such as Sindbis and Semliki Forest virus. These viruses also have one protein internal to the envelope while the other proteins constitute the projections on the envelope (Hay, Skehel & Burke, 1969; Schlesinger, Schlesinger & Burge, i972 ) . The resemblance between TSWV and the togaviruses is based only on a similar distribution of proteins within the virus particle. The togaviruses, however, contain a nucleocapsid with cubic symmetry (Horzinek & Mussgay, 1969) , are smaller in size (about 60 nm) and are less complex than TSWV. On the basis of protein composition, TSWV cannot be placed in any of the groups of enveloped viruses containing single-stranded RNA.
